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This final report of the "System Technology Analysis of 
Aeroassisted Orbital Transfer Vehicles: Moderate Lift/Drag 
(0.75-1.5)" was prepared by the General Electric Company, Space 
Systems Division for the National Aeronautics and Space 
Administration's George C. Marshall Space Flight Center (MSFC) in 
accordance with Contract NAS8-35096. The General Electric 
Company, Space Systems Division was supported by the Grumman 
Aerospace Corporation as a subcontractor during the conduct of 
this study. This study was conducted under the direction of the 
NASA Study Manager, Mr. Robert E. Austin, during the period from 
Octobei 1982 through June 1985. 

The first phase of this program focused on a ground based 
AOTV and was completed in September 1983. The second phase was 
directed towards a space based AOTV and the cryofueled propulsion 
subsystem-configuration interactions and was completed in March 
of 1985. The second phase was jointly sponsored by NASA-MSFC and 
the NASA Lewis Research Center (LeRC). Dr. Larry Cooper was the 
LeRC study manager. 

This final report is organized into the following three 
documents: 

Volume IA Executive Summary - Parts I & II 

Volume IB Study Results - Parts I & II 

Volume II Supporting Research and Technology 

Report 

Volume III Cost and Work Breakdown Structure/ 

Dictionary 


Part I of these volumes covers Phase 1 results, while 
Part II covers Phase 2 results. 
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STUDY RESULTS 


PART II 


1.0 INTRODUCTION 

Technology payoffs of representative ground based Mid L/D 
AOTVs have been assessed and prioritized in Phase I of this 
study. These results have been summarized in Part I of this 
final report. Phase II of this study was directed towards 
identification and priorization of technology payoffs of 
representative space based Mid L/D AOTVs and the cryofueled 
propulsion subsystem - configuration interactions. 

Part II of this volume contains a’complete compilation of 
the results from Phase II of this study. The compilation format 
for this volume is charts/figures and facing page text (Kent 
format). 
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Many combinations of basing and launch vehicle options, staging 
scenarios, missions (delivery, servicing, or manned round trip), and target 
orbits have been considered. The areas of primary emphasis in Phase I of this 
study are identified in the Figure. Major conclusions of Phase I will be 

summarized. 







PHASE II EMPHASIS 

PLUS EVALUATE PROPULSIVE SUBSYSTEM - CONFIGURATION INTERACTIONS 




Configuration trade studies were conducted for the deliver and manned 
round trip missions. Various staging scenarios were evaluated, advantages of 
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polar orbit than for a geosynchronous orbit. 









The advanced technology areas identified in Phase I of this study which 
offer significant benefit to ground based AOTV are listed. 
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AOTV dry weight also has a substantial effect on the payload delivery 
capability. The combined effects of AOTV hypersonic L/D and dry weight are 
summarized in the figures for the polar and GEO delivery missions for 
state-of-the-art and growth technology vehicles. 
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ADVANCED EXPANDER CYCLE, ISP ~ 480 SEC 






At conferences and meetings which occurred during the Phase I AOTV 
studies, significant differences of opinion arose among members of the 
engineering community on the subject of man rating an OTV and the minimum 
number of engines required for a man rated OTV. The position of this study 
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SUMMARY OF POSITION ON MAN RATED AOTV 
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2.2 Summary of Phase II Space Based AOTV Results 

The second phase of this program focused on a space based AOTV and the 
cryofueled propulsion subsystem-configuration interactions. This phase was 
completed in March 1985. Major milestones are illustrated. 
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The major conclusions from Phase II of this study are enumerated. 
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MAJOR PHASE II SPACE BASED MID L/D STUDY CONCLUSIONS 
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PHASE II STUDY RESULTS 
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AOTV GENERAL MISSION MODEL DEFINITION 
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MAXIMUM LOCAL HEAT TRANSFER RATE (FTU/FTSEC) 
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USING CRYOGENIC PROPELLANTS 
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Specific characteristics of the space based mid L/D AOTVs that were 
compared in the previous figure, are summarized in the following table. 


* 


CM 

.rv 





SPACE BASED MID L/D AGTVs USING CRYOGENIC PROPELLANTS 
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It is instructive to compare the mid L/D AOTV vehicles to all 
propulsive vehicles. All propulsive stages have been created by removing the 
TPS and nose fairing from the mid L/D vehicles. Illustrated here in the 
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capability of operating at a X2 difference on C D or C L . Computations have 
been performed employing the 3DFF and 3VFF operational codes (AFFDL-TR-78-67 
and SAMSO-TR-79-5). 









With the increased SDI activity, it would appear that projected 
missions exist that may justify, on the basis of cost, a program unique AOTV. 
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5 OR 6 PERSON TRANSPORTATION TO GEO 
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SPACE BASED OH-3: LARGE 
HYDRAZINE DELIVERY TO GEO 



50,000 LB OF HYDRAZINE 
1400 LB OF GASEOUS NITROGEN 
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PERFORMANCE OF OH-3SB: GEO HYDRAZINE 

DELIVERY (1-1/2 STAGE) 
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CHANGE IN PAYLOAD VELOCITY: AV(FT/SEC x 10*») 
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The subsystem weight breakdown of the 0H-2M is shown. 
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AUSTERE 5 PERSON TRANSPORT CAPSULE 
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The installation of a 6 person transport capsule within H-1M is shown. 
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A weight breakdown for the 5 and 6 person austere transport capsules is 
shown. The 420 pound difference between the two capsules results from the 
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SUMMARY OF EVOLUTIONARY 

CAPABILITIES 
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The conclusions we have reached from studying our modular vehicle 
concepts are summarized. 
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SPACE BASED VEHICLES ARE OPTIMIZED FOR MINIMUM WEIGHT 
GROUND BASED VEHICLES ARE OPTIMIZED FOR MINIMUM LENGTH 
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MANIFESTING METHODOLOGY: "GOOD FIT 
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GOOD FIT" INITIAL CONDITIONS FOR 

THIS STUDY 
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► N 2 F 4 /N 2 H 4 WITH Isp = 388 SEC 

MOST RUNS USED PERIGEE KICK OPERATING MOD 
ALL 4 BASING MODES EXAMINED 
MAXIMUM OF 4 PAYLOADS PER OTV FLIGHT 


The six year Grumman OTV mission model contained 176 payloads which ran 
in the computer program "Good Fit". They were divided into 3 time interval 
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Prior to selecting a narrow class of biconic mid L/D AOTVs, estimates 
were made of the impact of direct flow impingement on engine nozzles 
protruding from the AOTV aft end. Results are outlined in the Figure. 
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Prior to selecting a narrow class of biconic mid L/DC AOTVS/ estimates 
were made of the wake flow expansion angles for a range of AOTVs using an 
assumed specific heat ratio of = 1.4, and the procedure outlinedon Page . 
Results are summarized on the following page. 
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CALIBRATION OF METHODOLOGY 
LOW REYS,HIGH TESTS 




The second part of AOTV hypersonic separated base flow computations 
involves prediction of the heat transfer to a vehicle with a flat base, then 
with engine nozzle extended into the separated flow region, and finally with 
body trim flap present. 
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(AdCCKI CORRELATION PREDICTION 






The complex geometrical relationship of body flap induced heat transfer . 
amplification on the SSNEs due to shock impingement is illustrated for the 
Space Shuttle Orbiter. 
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CONTINUING EVALUATION OF STS RESULTS 
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The facing page lists the engine failure cases studied in the analysis. 
These conditions represent all the possible engine failure cases within the 
realm of the selected fail safe/fail safe design criteria. 
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PLICATIONS OF H-1M ENGINE FAILURES 
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TWO NON-ADJACENT ENGINES OUT AT GEO 
TWO ADJACENT ENGINES OUT AT GEO. 
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SHUT DOWN ENGINES 


A third method of correcting for thrust vector/CM misalignment under 
adjacent engine out conditions in the H-1M vehicle is the use of Y-Z plane 
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additional tankage and propellant mass in the ACS system. 
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The final solution investigated for handling the worst case 
non-catastrophic failure of two engines is the hinged engine concept. The 
engines rotate on a axis which passes through both the engines centerline and 
the vehicle centerline. As shown on the facing page, the failure of two 
adjacent engines is compensated for by shutting down the engines opposite the 
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BASELINE VEHICLE USED FOR ENGINE GIMBAL ANGLES WAS 40' 
LONG BICONIC WITH EXTERNAL HYDROGEN TANK. 
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RESIDUAL PROPELLANT & PROPULSION 

SYSTEM TRADE 



CONFIGURATION DOES NOT MEET FAILSAFE / FAILSAFE CRITERIA FOR ALL CM POSSIBILITIES 
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FAILURE SCENARIO SELECTED FOR ANALYSIS 
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The major conclusions we derived from our generic propulsion system 
trade are listed on the facing page. 
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CAN BE USED orumman 








The figure repeats the tables of Page . The new elements in this 
figure are the TBD values of the figure on Page , which have been replaced 
by the appropriate values that correspond to the advanced aerodynamic 
knowledge that is presupposed by this figure. 


« 


* 


m 

u 

> o 

H >1 

O 'O in 
< ~ 3 
V) u u 
C *0 w O 
*H C 

3 (U ro 
U1 O T3 
<U 0* <0 4J 
U K P 
C O 4J XJ 

a> r* 

U 4J •»> 

<1) C SZ <D 

44 -H O^H 
44 JC *H JD 
•*H 4J <D <0 
-H £ U 

£ <I> 

Q) ^ W M-4 
*«H (I) 

U O x: u 

s v a 

**■ ftj 

c w * 0 ) 

O >1 

•H 0) r"H (0 

4-> x -u 

au c (A 
<u a? a 

Jh? C 
O H CT**h 
u a) <u a> 


CU4J 

w 

c 


00 



c 

Q) 


40 

<D 

6 

0 


• 

CM 

rH 

H 

a 

T3 

(U 


N 

X 


a> 

i-H 


M 

0 


O'jQ 


O 

u 

• 

c 

<0 


c 

a 

</) 

•H 

4-> 



Ou C Jm Q 4 
a> <0 o <u 
c *h vo u 

•H D4J U 
itJ u (0 

c <0 >-■ o 

Q) 3 o 
C o>*o w 

4-1 o -H 0) rH 
O-H 41 H <0 
in C <c 

d) u) OJ3 d) 
a-H o 6 »-• 

6 *H (0 
4J <U tJ» 

44 C W 
w o -h a; 
•H cn c 
J3 TJ C 4J «H 

jj c dJ fO cn 

a) x; c 
u to 4-> a; 

O 44 

Du (0 U 02 TJ 
041 d) 

4J U3 i-H 

X * <D rtJ 
tmn 0^.0 
*h cn £ 

0) * 3 -w 
£ tJ* U) O' 










* 


X 

0 

LLl 

£ 

UJ 


CO 9 


o 


ifi C 0 

> UJ 

cc 

rr “■ 
m UJ 

03 Q 

s< 

^ cc 


X o 

H Z 
0 X 

z o 

UJ UJ 
-J K 

UJ n 

=1 7 

N £ 
N H 
O < 

« iti 

£ X 

Z UJ 

5 < 

Z CD 
Q m o 

K o z 

cn uj < 


<M CM 


UJ 


uj O 

Ur u. 
$ u. 

ii 

2E S2 

h- h- 
X X 
0 O 

UJ UJ 

55 


O 

O 

UJ 

Is 

X uj 

21 
UJ 2 

5 2 ! 


T- CVI 


0 


UJ 


X 

UJ 

0 - K 
uj cn 
Q D 
< x 
X X 
h- K 


UJ UJ UJ H 
X X X o 
cn cn cn uj 

OOOt 
X X X O 
UJ UJ UJ X 

< < < X 

< < < 

I I I 

< ffi o 



h 


ffi oQ UJ O 0 


S §5 

O JZ 

< go 

Z o?3 

□ £ = 
UJ Z. ft 

< O qc 
cd w a 


X 

<5 

UJ 


UJ — 
X UJ 

<g c» 

o < 

cc x 
ui a 

<IL 

< o 


H — 

1 % 

O 

UJ J T 

£ S* 

J 5 o 

UJ 2 u 
T C 
jfc UJ 
S5 < UJ 

O Z 

r Ii = 
UJ O O 
< K Z 

<5" 


5 


£ 


UJ 

cn 

< 

ffi UJ 
ui D 

O uj 

z d 

< £ 

> O 

Q Z 

< tt 


uj i uj i uj i 

5® 

o + o + o + 

cc X X S X = 
UJ + UJ + UJ + 
<-<_<- 


< 


LOWEST WEIGHT 





































I 


t 


4* 



X 



U TP ~ 



O *H 


c 

•H C VJ O' 


44 

G oi 


10 

»-i 4 * 0 ) T3 as ^ <d c 


O 

•H 


0) 01 

a) x <d a) u 


<D 

• O'44 


> 0J4J 6 C N p O' 


u C 

0) CO 


X x 

ai<D(U 3 a> .h jj c 


<D *H 

> <D 


rH X 01 • 

ihoO'uoiuiuicjio<d 

• 

jQ O'W 01 


Its 0) G 

c*howo P£ j: 

44 

6 G 

3 O 44 44 


C X O' 0 

4J (U u X ro i: — u OX 

01 

3 0) 

O 44 O X 


•H O 0'*H 

oi u o> o ui x 

3 

G 

O' 


x S 44 3 01 

3 <l> CU <0 01 ^ W A) u 

u 

T3 

U r O 44 -r4 


u 0 01 01 

u x 4J (0 ui d .cox: 

its 0) 

■H D C D 


•H G r O *H 

£ 0 >iH5 ^ (Q C D 4J4J 

44 

X4J c D ? 


X (DCS 

4J u £T3 U *h i—i 


44 >«4 

01 -H TS 


> 0) c 0 

<u o>u£4J 

X 

O 44 

•H jQ C 


X 0'*r4 >1 

S DO 4JH C C-HU c 

Its 


J4 g 0 U 


LO x *H 01 u 

O O O X -h 3 

6 

*o ItS 

0) O CUTS 


(N 01 01 a) 

g H O >i-H d) £ O 


0) 

44 u a> 


• U <1) -H > 

•H .h o x a> > o 

a> 

6 TJ 

O T3 X 


O 'O B *H 

X C 0) <0X >tO 

c 

u 10 

its a> c 4J 


O 44 pH 

a. "h^uujjd^io 

■H 

O X 

U U »»4 "H 


X 01 Q) d) 

o > -h 3 x -h 

O' 

44 

its a) 3 


X d) O T3 

£h X TS S O' O'H rH o 

G 

<d x £ oi 


Lf) X H 

d) O C G *0 -h C -h X 

(0 

0 ) 0 ) 

0 u 01 


H H O > *X 

£ < 0) IQ C ^ -h JO 


> Its 

T3 O D 


• <H U O 

X 6 >1 C O' • -H TD w 

u 0 

ITS C 44 1 —1 


O X 0) -H 

O'IDCDTPOC'TPXCD 

O 

3 

ItS <D O 


01 O d) 01 4^ 

DCONOUflJDiQtJ' 


O 44 

0 ) U *p4 


<00 > 

c *h io *h s x c a. c 

c 

01 

44 1-4 0 ) X 


3 ^ Oa> 

•H >trH (/) U 4J U <H g (Q 

0 

a> as 

Its Itsx 0 ) 


po CM D 

gUO« 0)09 (Q O £ 

•H 

44 44 

u 0 44 > 


> 1 »H O O O' 

U H -X 0) >iX o a 

44 

•H 

0) -H 


T3 *h 

<D (0T3 <D X X CQ X 

O 

01 X 

c 44 01 >1 


3 O 01 T) u 

4J a ic u o u oi 

G 

O O 

D G *H U 


x x **4 a) id 

a) o c a> ai o <o 

3 

a its 

O' CD 0) 


01 01 C Qi 

TD OH 10 S C • d> X > X 

g Ed 

TP C > 


O >1 C 

O' >1 g (Q *H g U 


O 

O *H 3 H 


01 O rH 10 (0 

O U IQ U (AH D DP D 

its 

O 

44 OH 


»h 0 ns B 

4J <0 ao a> x & ai o 


• 

>lX 0) 


X 00 C G 

O M-4 (1) 01 01 N C 

01 

Its 01 TP rH 01 TP 


X 10 C O 

*D D^£Q>(lAH(0 

its 

Wi 

<D pH 


X u 

DHH 0) H£ I/1H 01 g 


01 0) 

•h Its 0 ) TS 


B O H 3 C 

gn£ Q< 0) a> wi 

■* 

<U X 

H 3 > 0) 


O iCX 3 

n 10 <0 < C > w O 

a 

■*4 6 

10 44 U 44 


U X rH d) O 

o g 01 • 0 0) X 

01 

its 3 

> u 3 01 


X C -H U I-H 

4-1 01 3 *4-1 •Hf-HOlU 

M 

v- G 

•H O *H 


0 e x 

u c 0) • oi u a> 

w 

44 

01 > 01 


C gHTJ 

D D £ 4 •n'O H £ D O 4 


01 <D 

10 0 01 


O <U 01 C C 

aCH30DDW^ 

0) 

3 C 

? a> j2 « 


01 U lQ D 

•h X u -h a* 3 * 

01 

H *H 

u h 0 


O *H X 

01 0>0 DT3 O u g (AH 

rH O' 44 <D U 


X 3 >t3 

(O CO D< 5 j£ D^ 

3 

•H G 

01 £ 0) 


u o 1 ^ 

3c a) <N <11 X CU4J 4J a> 

a 

0) 

3 • ItS 

• 

d) • d) m 

* O' >1 01 0) C 

6 

0) 

u 0 ) c 

01 

s U G > <N 

>1*0 ro -h £3 C H >i*h 

•H 

u O'X fl) 3 ^ 3 

\ O -H • 

*n DH U D H (0 (fl O' 

3 c -u > 0 0 

G 

EH X -H rH 

30 Q)T3 g iQ-M G 

O 

0'*H 

u X 44 

3 

01 01 d) O 

£ C <0 Q 4 DH g O C D 

•H 

-H 3 01 

O 

TP 3 01 TP x 

01 Its 3 O' i) 0 

44 

44 U 

ITS O TP 

a 

d) H *H 

> 01 Cl) -H 0) ItS -HO) 

•H 

ItS 

44 Cl) -H 


N X g LO 

44 T3 CtS iH > V4 0) 01 X 

O 

O' > 

O D >HTS 

•H X *H 

X fO £ O' O £HHh 

0) 

c 

44 01 u fts 

c 

g >it-h • 

O C U X X U 3 

a 

*H X 

its 3 > 

Its 

*H 10 H 

d) CNC *H Qi 0 } *H *H Q 4 

01 

O 44 

<d a 0 

01 

X Q) d) x 

'O X D 0) 3 £ X O • 


Its -H 

x 01 

3 

a 0 > a 0 

Its 1-3 01 0) U D U rH 

G 

44 3 

X X <D -H 

O 

0 X -H c 

u\o 10 vix 3 > a<u 

•H 


01 X 

X 

«x <u S 

4J oX 0) 4J 0 ) > 


0) 01 

TJ <U 44 TJ 

X 

0) 01 Q) U \ 

0 0 X £ X O'TD <U 

c 

X a> 

C 44 C 


X DTI D^ 

< *4 44 D*J C CH 

0 

6-1 01 

its a) its 

c 

Eh X X 

3 *H 01 X *H *H ItS 

•H 

Its 

0) 44 

0 

<0 TJ a> 6 

C O 5 0) X X U 4444 

0 

Jh X Its H 

> 

r4 10 U 3 

ItS *H C OH (A 

Its 


04 U D 

0 

wo a 

(ADHUC44H3 

•H 

44 

X OX 

01 

C rH *H 

Ui03 , OO'a)a)M4<DU 

U 

01 

6 rH C S 


(0 >1 CO x 

O *H O G ^ £ H £ £ 

Its 

as 

3H D 3 

0 

u m < a 

44 g Eg 0) O <4 r O 01 44 

> 

44 

C < O' C 44 

x as 0 


o 

CNJ 





OPTIMIZED T/W FOR "NOMINAL 

PAYLOAD DELIVERY 


Q 

< 

O 



co 

i 


X 

H 

CO 


CM 

X 

CM 

o 


5 

(A 

> 

H 

O 

< 

D 

UJ 

N 

i 

CL 

o 

GC 

o 

u. 

</) 

z 

o 

h 

< 

O 

z 

UJ 

s 

s 

o 

o 

UJ 

X 


K 

CO 

D 


< 

K 

o 

H 

5 " 

o 

o 

o 

CO 

O 


(qi) MOIO 






* 


» 


TJ 


•H 


D 


<u cr 

4-1 

U -H 

0 

O rH 


H \ 

u 

ac (D 

•H 

x <d x: 

04 

a) o>44 

0 

>i 

44 


0X0 
44 O 4J <U 
C 43 
CO--* *■> 

0) *H 

Oi 3*0 o 

J3 cr <D 4J 

•H ^ 

WH 0£ 

cO o o 
XIT3H <0 
0) 0 

>» U O n 

n c w a 

3 (OH Q 4 • 
44 > cO <0 <D 
CA T3 w» 

(0 Qj u 3 
(0 > D O' 

•H Q) (QO 

x: ca x: 44 

•U 3 

a) • <D 

c jc ^ w x: 

.HO 44 44 

•H ^ c 

ca x: c its c 

•H ^ O H *H 
CA *H H 
(0 (A (A 0) T5 

r ojh ao 
Om—I DOC 
g O Qj u .h 
4) *H O Q<H 


(A 

43 ^ 4J 

4J 

>i a> Q< ^ D 

c 

u > o o 

CO 

<0 C X! 

rH 

e c-H4J w 

rH 

■H O co O *H 

CD 

n a 

04 

O4 CA U> (A 

O 

c U C 4J 

u 

n O O h C 

04 

3-H44 W fO 
0 4-1 D *H 

CD 

rO (A H 

4J 

43 -h 014 d 

cC 

cn ui c 0 a 

C 

D <0 *h O 

u 

0 > O' CA U 

CD 

43 c c a 

44 

4J >1 O 0 

r-4 

1—1 O' *H 0) 

c 

4; 0 C 44 4J 
H Q) (0 (0 

0 o> u c 

in 

C O -H U 

• 

43 H rH CD 

CO 

O T3 a 44 

• 

<D >i6H 

CO 

44 43 *H (0 


4-1 

iH 

0 

0) 0) 

3 (A 

0 c 

D 

0 0 

(A 0> 

(0 «|H 

co x: > 

a44 

H H 

CA cO • 

- O 

44 X 

>1 < 

^ cs 

44 • 

O O Q) W 

•rH ^ Vj 

•H 44 CA 

CA Eh O 

44 0) C 

C O 44 

O 44 U O 

<D <£ 

X C CL 

T3 CD 

a) m 43 

C > 

rH u 0 

4J (OH 

Crl 3 U 

C 44 

co <d 0 m 

CD U U 

a a) 

rH O CO 

*• O'w W 

rH 44 Ui 

a u 0 <u 

CD 44 

0 a 

a CA 44 

*iH d) 

O 44 (0 

44 <0 g D> 

vj C 

C *H C 

0< Q) T3 

0) (A 44 -H 

iH <D 

44 <0 44 

44 rH g 

44 0 U 

O CD 0) 

r0 rH 43 0 

Q* Q) 

CO 44 cu 

CA O CA 

CA -H 04 

C ^ 

<D 44 44 D 

0 a 44 

•H C 4) CA 

H CO 

44 CD 

44 <D x: 

•H 44 C 

co 44 44 

CO • **H 

0 CO 

D a— 

•H *0 r O 

a 33 *o 

HH C 

a CP Su CD 

OUT? D 

O C W 44 

6 C O 

O *H w ca 

•H CO 44 

44 01 

0 

>-h a »-* 

CD CD • 

e-» 0 d 0 

X3 CP £ <D 

0 X -H 44 

44 C C 

< OH C 

•H 44 *H 

0) "H 

T3 44 CO N 

o) x: x: 

0 ) 0 43 co 

43 44 CA 

U 0) 44 U 

44 -H 0) <0 

<D *H T3 


TJ <D 44 >1 

0 43 

•H CA C X 

44 rH (0 0) 

CA CO \ 

(04 U 

C CH fl) 

44 -H CA O 

O H H C 

43 u 10 0 

O CD **H 

O' 0) 44 Cju 

- a n 

D 44 0) 

O 0 O CO 

0 <o a wi 

CA CA u Uj 

U g -H 

iH rH ao 

JQ T3 < 

CO D >1 

TJ H 

a >ix: 

0) O rH CD 

<d a 44 0 

>4 ox: 

^ *H >H V4 

CO CO CA 44 

co CA 0 

43 (1) 

43 u C D 

u 

•H 0) rH 

<D O •• <0 

CD 44 TJ 44 

3: | <A 44 

3» **H CO 

44 (D CO 

O 44 Vj 

(D H TJ 

CD CA 44 

>1 O 

a CD <D 

1 -H (A 

CA 43 £h 

44 x: -H 

O' 

0 0 43 

(A »H U) 

C > 44 

(OX-H 


2Z2 



ALTERNATE PROPELLANTS 



GRUMMAN 



x 


o 

H >iU • 


•fH 

fO a>*H > 


44 

•H l-l X E"* 


•H 

u 03 £ O 


o 

03 C < 


03 

X 03 CO 


a 

#0 C T3 


co 

60 <D 

>1 


O' o o 

TJ (0 

<d 

<D *H C C 

o> g 

x 

H X3J< 10 

r-H 

X 

X C > 

r—i X 


•H (0 S'O 

O *H 

C/3 

CO (0 

U 

03 

co w o 

X - 

a 

O <0 £ C 

C • 

•rt 

Cl* X (0 

O 03 

X 

u 

u • 


<0 O X u 

■H 


\ co o 

03 


- *0 <0 44 

X) 

U 

SCO) 

0) . 

<D 

3 (0H4J 

c c — 

44 

■H C 

(0 -<h >i 

44 

H (D-U (C 

O O' O' 

O 


03 > <0 i—1 


» 

C u 

CO 

X *H r“4 


T5 

03 03 0) 

TJ X 

C/3 (13 <D 


03 

CO C 

rH C 

<d o u a 


44 

(0 C 03 

0 <0 

H i—( lO O 


(0 

03 (0 

O •"4 

X) a h 


03 

H CU 

U rH 

<o x d a 


U 

03 C C 

03 

X 0) U 


O 

U *»4 

X Q| 

C/3 03 <0 



X 03 

CO o 

(OCX 


03 

>144 > 

£ U 

jj (0 -P cn 


X 

0**H *H 

Oi 

0) (0 



u £ O' 


6 (IH) 


C 

03 

03 H 

(0 8 X 


(0 

C 03 O 

6 <0 

T3 *h CO 


o 

03 CO 44 

o o 

•H (OP S 



0 

O **4 

rH 03 


X 

(0 CO 

n e 

O C/3 C/3 M-l 


CO 

44 £ 44 

03 03 

CO 3 *H O 


X 

•H O V4 

> X 

X 



r*4 (0 

o o 

44 U X C 


44 

44 rH 44 


o o o 


•H 

•H (0 (0 

03 C 

44 4J -H 




X S 

CO <4-> 


c 

COX 

o 

O 'O (0 


* 

£ X -|4 

CO C 

•«H 03 U 


0 

o 

03 4* 

XU *03 


c 

C >1 03 

•H 

03 <D 'V 'O 



4CH U 

X X 

•rl *0 0) ‘H 



x c 

r4 CO 

u .h c in 


44 

x c o 

3 03 

03 03 *r4 c 


0 

o a) 

O X 

X C r-4 O 


c 

C *4 03 

•H O' 

O O 4J U 



O T3 

X -H 

(0 U 3 


CO 

W-H o 

x X 

U O C/3 


•H 

•H 44 r-H 

•H 

(0 C 3 



x a 

T3 03 

X 03 C/3 O 


44 

x 3 x 

X 

O 03 -H *H 


M 

H CO 03 

03 X 

X u 




CO 

03 X 03 

»• 



03 X 

x co c co 

03 



X O 

&H (0 (0 

U 

0 

o 

X 

X r4 4J 

(0 



03 

r4 C 




•O CO 

X 03 03 

03 



r—i rH 

o am 

CO 



3 3 

•H O 0) 

03 



O 04 

X u >h X 



X 8 

> a an 



CO -«H 



CM 



SOLID METASTABLE HELIUM 



X 

< 

X 

g 


o a 

LU X 

1 * 

<< LU 

H . 

I I 


LU 

X 


00 

Q 

LU 

CO 

< 

X 

CO 

z 

o 

X 

H 

o 

LU 

Ui 

CO 


UJ 

H 


CO 


CO 

X 

X 

CO 

CO 


LU 

> 

LU 

H 

< 

H 

CO 

CO 


O 

X 


LU < 2 

X H H 

X<? < 

— D 


O X 

— LU 

O 2 
CO < 


LU X 

o 

LL 
CO 


< 

X 


CO 

a 

H 

CO 

X 

LU 

H 

O 

< 

X 

< 

X 

a 

LU 

x 

< 

x 

co 

LU 

a 


LU O 
X ^ 
3 in 

H ? 

^ m 

x q: 


LU 


< 

X 

UJ 


* 

o 

LU 

> X * 

o o o 

nr in UJ 

r- CO 


os 

O UJ 
X»- 
H O 

<? 

_i h- 

UJ S 

S X 
o o 


co w 

II o 

- o 

X (M 

J?a 


Z 

UJ 

Q 
x 

X — Q_ 
O < CO 
H- O ~ 
W - Q 

X £ S 

Sect 

I O UJ 

uj a. 
>IX 

f T ■ » . • 


S I 


I CC H UJ 

• * a 


I I 


UJ 

> 


* 

CO 

X 

< 

LU 

> 

CO 

? 

X 

O 

LL 

UJ 

.J 

z co 

<< 
a. H 
CO CO 

UJ Q 
LL UJ 

-J H 

£ x 

UJ UJ 
X 

D I 


CO 

O 

H 

< 

H 

CO 


UJ 

2 

x 

O 

UJ 

> 

LU 

o 


X 

o 

X 

X 


g 

UJ X 

o o 
< — 

5 uj 
^ X 

LU ^ X 

LU LU < 
m #v r> 


* 


X 

^ r- q 

xoS 

uj < 3 


2z N 

2 <co 


X 

LU 

H 

< 

s 

< 

o 

P 

uj 

X 

o 

UJ 

X 


go 

x "7 

a. 
X =5 

Oh 

u- < 

LL 

UJ > 
H< 

z > 

LU X 
x LU 

§§ 

o o 

I 


H O 
Z O 

LU _J 

SO 
a. 2 
OX 
-J o 

LU LU 
LU 

o 


X 

UJ 

CO 

o 

X 

< 

X 

LU 

z 

UJ 

a 


o ^ 

X » 

U O) 


X 

D 

W 

3 

< 

LU 


O 

X 

< 

g 

X 

o 


x 

o 

CO* 


UJ 


N 

< 

o 

< 

s 

LU LU 

y O 


X 

o 


It 

>° 

< g 

LL LU 
UJ > j. 
O LU X 

x-ff ~ 

Ofl. „ 

x - 

< 


x 

D 

O 

x 

a 


o 

X 

D 

O 

x 

> 

a 

x 

LU 

z 

z » 

o 5 

X X 
~ LU 

? c 0 

O s 

X 10 

x O 

JU Q 


X 2 5 


CC CC 

< a 


i 


o : 

S'l 


< fi 

CD 

DC ® 

lu n 

-J X 
^ H 


LD 

cxi 


1590 004(T) 





1 


0 P 

U3 3 O'44 X m rsj 

X2 T3 T3 rH X U G O *0 P 33 

•P0 0 03 P -H *H 0 CP W iJ -UW 

0 O N 44 > U a **-«h C W (1 )H W C m "X CU O 

4J i2 -H o -H (fl 6 t0 O 3 N rH *0 0 rs10 

(0 g 0 *h C 0 U *COUC 

C tO -H O' O tfl O CO *H 0 CO X >i 0 X C O 

U4J4JC00CO«h 3 X) rH tO HO >|P 10 O -H 

0 C Qj«H U 0) 0 <H (0 * U0OC0.HOOUW 

4 J 0 rH -H 44 <G O W 0 -h£ u (J£ 4 J 10 

rHCO C03P-HC0P P X P <1> O mo H 3 

m 0 qo to a m u -h x to 0 m u o a 000 

u cou iH 6 G 0 X O CO > to O O' <0 10 P 44 10 

o> a w 3 .h h a* g 0 o p 0 cn uumm *h 

c 0 a x to o u -h m to 04 m ^ c cm 

•H 0 0 £ g 0 g U CH 44 m H * o T 3 H 0 

4JU^C4->-HpCO0 mm 0U0 P 0^0CO4j 

<0 3 P 4J u X -0 g c c o U c cn o o 
3 O' u 0 E-* C u O 0 44 U C 0» H H K H X 

rH *«h 4 -> oc <0 p mo-H x 0 m -h cn >1 <Nm o • * 

(0 44 IQ IM 4-t 0 G rH 44 P T3 r O o m Z >lP 

> Ui(0*rHUm to 0 iJ -H 0 Q,\ c w m W 

0 0 >, 4 J to 3 »h 0 0 0 u m u to x M-i .c ^rm m 3 o 

Xj4->-H 0 to rH tO 0.040 X -H -H 0*44 4J U) fa > 4J Q< 

C4J-H UUm0iHO O 4 3 X *H 0 P rsxo to 0 

■H tO030Q43^0O C CTP 0 X -h Z m P p 

c £ to £ o Q 1 Q 4 U) 00 3 : 0-0 ^ m a* 

T3O0 m PS *H £ -h u no u -h 0 0>X C to 

0 no 44 0 0 OLi-P 44 3 m P CrHO£N 0 CP*H-H 

to x. o 6 to 0 Q 4 P mtomms *hg*h p x 

P ac rH 0 >1 Sen C *H U >iH *H 4J to to -P 

moto03XP-^-HO *h ^3top-HNmc0 
m H«H 0 CO OLiE-'-H (J U X 0 CP-W-H-P m O' O 44 44 

P O'P Url g WH 6600 ^43P-H-H-HO 

m m 33 -H C p p 0 3 -h 3 -H T5PPC 

*o 6 c O' a • 0 <0 «h > or4PU0jQu>itommc 
ohh£ >t«mmwH omPr4.H0pC0CSo 

0 P X 44 -h P P UCO P>CWOXP\>-H -h 

£ p 6 «h c 0 m 0 < c -h *h 0 P 0 CpQ p op 

pooootomx > 1 ^ m 0 i)toxiH 0 C , H 60 o 

^305 *HCPP 44 rHO>600P-Q-H O N 0 

to P 44 0 O 000 rH <0 O > > N JC O H w 


0 

0 

p 


H 

T3 

m 

G 

O 

x: 


0 

p* 

0 

m 


u 

O 

m 

p 


u 


P 

JC 

c 

to 

O 


0 

0 

G 

p 

to 

a 

c 


CO 

u 

0 

P 

u 

u 

P 

0 

u 

m 

H 

m 

p 

0 

0 

u 


m 


p 

0 

m 

p 


0 

P 


'O 

O 

c 

P 

0 

u 


1-4 

CO 

ax: 


T5 

6 

0 

0 

u 

p 

c 

0 

O' 

m 

cn 

>1 

3 

m 

3 

P 

p 


rH 

•H 

to 

Eh 

44 

0 

w 

p 

0 

a 


m 

N 

u 

0 

Eh 

pC 


rH 

a 

m 

(0 

• 

0 

rH 



0 

to 

O 


a 


p 

rH 

•H 

m 

u 

cn 

0 

to 

rH 

6 

rH 

3 

cacu 


0 



m 

p 

G 

CO 

0 

c 

rH 

to 

rH 

O' 


w 

■H 

0 

O 


rH 

s 

O 

0 

-C 

« 

p 

pQ 

u 

0 

m 

CO 

m 

0 




0 

3 


a 

O 

m 

rH 

X 

U 

rH 


CO 

0 


0 

> 


rH 

rH 

a 

> 

m 

3 

JS 

rH 

P 

0 



•H 


CUpO 


P 

0 

P 

a 

•H 

rH 

3 

rH 

0 

Eh 


O 

p 

44 

m 

u 

c 

c 


ca 

m 


c 

44 



cn 

m 

a 

0 

u 

O 

0 

iH 


m 

X 

a 

m 

•rH 

0 

O 

T3 

p 

• 

m 


cn 

0 


u 

6 

a 

a< 

p 

H 

to 

h 

p 


6 


U 

PI 

C 


to 

p 

0 

•H 

pG 

0 

0 

•H 

0 




m 

3 

p 


0 

6 

TJ 

3 


m 

u 

G 

0 

•w 

U 

p 

X) 

> 

* 

u 

0 

U 

T3 


O 

0 

c 

X 

3 

C 

O'44 


0 

O 

m 

X) 




0 

>1 

a 

to 

0 

0 

0 

rH 

p 

0 

p 

u 

3 

•H 

O 

0 

a 

rH 

0 

3 

O 

T3 

TJ 

to 

P 


rH 

rH 

u 

to 

rH 


•H 


O 

O 

P 


to 

a 

P 

u 

O 

P 

0 

rH 


•H 

to 

3 

iH 

m 

rH 

m 

*> 

P 

44 


44 


to 

1-4 

3 

m 




u 

3 

to 

to 

CO 

a 

1 m 

a 

m 


0 

m 

0 

0 


O' 

0 

3 


c 

p 

0 

P 

0 

O 

0 

G 

0 

6 

6 

6 


to 

> 

c 


X 

0 

c 

0 

a 

0 

•H 

0 

c 

P 

TJ 

JC 

0 

0 

p 

•H 

to 

O 

to 

•H 

0 

•H 

0 

P 

X 

•H 

•H 

6 

JG 

-Q 


0 

0 

•H 

to 

c 

T3 




u 

0 

sz 

X 

X 

G 



0 

O 

•H 

Eh 

6 

T) 


rH 

co 


0 



> 

1 0 


r—i 

Eh 

m 

6 

O 

c 

c 

m 

pC 



O 

C 

s 


G 

C 

3 

pC 

• 

P 

pC 

c 

O 



O 


•H 

m 

p 

0 

O 


O 

3 

0 

TJ 

O 

O 

rH 

O' 

1 CO 

•H 

Eh 

0 

•H 


0 

O 

to 


u 



«H 

• 


O 

u 

0 

O 

•H 

P 

•H 

c 

to 


x: 

jC 

• 

.c 


•H 

<0 


0 

p 

P 

O 

P 

ap 



P 

c 

pC 

O' 

i G 


3 : 

0 

P 

p 

P 


G 

>1 

x 

c 

•H 

•H 

G 



C 

> 

i m 

•H 


•H 

0 

• 


> 

G 


C 

*?o 

T3 


E-»moPm0TDmi—i u <;iot 3 > »h c m s: *h 3 

^-1 0 m i-4 c 0 p 0 0 >1 0 E-» • u m o ih cop p 

h auH o > mmn m 3 o p 0 p i-tzmto 

0 to 0 -H C -H -H *H 0*< .C rH P TO 0 \ 3 

Q 4 toa60^>to> > *H CPrH 10 0 a , CH to 

O0tooooo cm HCD'Hmctoo^m-H 
uxmup0i2too0 O x 0 6 o m n <n> sz 

cup g cup pcO'HOpC < m p > to o cq az 0 p 


to 

c\j 




COMPARISON OF AVAILABLE PROPELLANTS 

PROPELLANT I 

COMBINATION N2F4/N2H4 LO2/LH2 N 2 0 4 /MMH L0 2 /MMH LO2/C3H8 LO2/CH4 

DENSITY IMPULSE 35203 2 29308 1 26788 1 24043 2 23594 2 22949 2 

Ibf sec/ft^ 
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Some of the chemical, physical, and thermal properties of 
tetraflurohydrazine are listed in the figure. A summary of a material 
compatiblity study performed by Aerojet is also shown. 
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• SOLVED FOR STRUCTURE LOADING AT TWO STATIONS 

• COMPARED STRUCTURE MASSES TO WITHSTAND LOADINGS 


In the analysis of the ground based case the load factors were applied 
to the vehicle masses and reacted by the Orbiters "five point" suspension 
system as used by NASA. Overall shears, moments and end load diagrams are 
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For the shell structure that withstands moment and end loads a ratioing 
of the unit loads is used, ie., for section A—A the ratio is SB Unit End 
Load/GB Unit End Load (49.5/18.5 - 0.27). However, the shell must support the 
TPS, maintain contour for air loads and provide micrometeorite protection so a 
shell and frame mass reduction ratio for the SB AOTV compared to the GB AOTV 
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SPACE VS GROUND BASED SUBSYSTEM MASS REQUIREMENTS 
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While considering the implications of basing an AOTV at Space Station, 
major concern that surfaced was the ability of Space Station personnel to 


4-1 fC 



C <0 

o o x oi 



•H 4J 4J 4-1 (0 



4-> IOC 


O 

(OH O <D <D (D 

4J (D W g DUJ 


* 1-4 

CO C O 03 CO o 


O' 

C * 0) g 4J 


c c 

<d o 4-> jj oi rtj o 


O *4 

U W£ U WT3 3 


*H 4-1 

cO U CP <0 0) u 


01 CO 

Q 4 (D -rH 4-» (0 U 4-1 


01 a 

CO Xir-4 01 -H 05 


•i4 -*4 

<44 0) 4J 


a 

4J c ai > co > 


01 X 

<o o js *h g h 


c0 

•H 4J 4J O O 


O 44 

>4J O -H 4-> < 


•H 

E-« (0 4-1 <U 01 3 


4-1 T3 

o j-> u o <0 a> 


01 C 

< w u o a x 


3 CO 

o 44 - 4J 


O 

C 0) H (U 0) 4J 


U O' 

to o 


CO G 

cO Cu 4J O' 0 


••4 

Cn Q 4 T 3 *h u 


01 G 

C CO no 01 no 01 44 


X O' 

*H C u 01 £ 


4-1 *«4 

W 44 (0 3 u 4J 01 


01 

(0 0 01 0 ) JS c 


01 01 • 

XI 4-1 01 <44 01 0 


2t T3 > 

>lX CO 44 -H -H 


0 £4 

44 4J Cn O i-H 0} 


r4 U O 

O *H -H 0) 01 


H O 4j 

^4 i-H X (U (Q >H 


O 44 

01 *-4 44 > g 


44 U 

C JQ C (0 44 0) 


01 0 

O 10 05 CO X O 


X 01 44 

•H O U 


U X 

4-1 0) 4 01 01 *«4 


»H CJ 0) 

<0 X 0) > £ 01 4J 


X CO O' 

0 -P 4J H u to 


5 O cO 

•*4 44 O 0 3 


U ^4 

i-4 01 10 < 0) O' 0 


0 ac 

Gi CO 3 *4 O 


•4 a <0 

g £ X 0) 01 44 (0 


Q 4 C0 4-1 

•*4 4J X 01 


O 

T3 O 4J *H ^ 01 


X 44 ^ 

0) 0) XI 01 01 


O >1 

XU 44 01 44 N 


O' u 

4-1 CO J> O '4 «H 


C C c0 

44 £4 X 4J H 


•H O 4-1 

O' P O >l4-» X H 


01 *h G 

C 3 < 4-» 01 4J 


c0 01 0) 

’4 (A *4 x C 3 


X 01 g - 

U C u 41 


3 01 

01 4J 10 O'-H 01 X 

• 

(11 UH 

T3 ro 01 £ X Cl 

u 

U 01 Qj 

••4 X 4-1 4-1 4-1 -H 

01 

c0 **4 CU 

01 4-» O G i-4 X 4-1 

CUT) 3 

C 0) *H (0 C 3 

01 

01 01 

oca 01 *h 

s 

CO 

U 4 OlH'O g 

CO 

u 

01 C <0 01 01 

u 

01 01 i-4 

01 O *H U 0 p 4J 

C0 

X *w c0 

H C 33 H CO 01 

a 

4-1 c 

•H O >14-1 01 >1 


O C u 

X O «-4 U Q 4 01 TJ 

G O 01 

S 0) 33 • O. 

01 

< -H X 

u 4-1 u c co cn u 

01 x 

O CO 4J O C 

0 

01 01 

*n3 01 -h X *h 

4J 

3 

(0 O 1 01 0 c 

•H 

U 4-1 

g 01 01 01 -.4 U 

c 

01 01 

T3X-4X 

0 

O 

C0 CO 4J g s > 

6 

T3 U 





SOME SPACE BASING IMPLICATIONS 
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IMPACT DAMAGE DETECTION USING 
ACOUSTIC EMISSION (AE) 
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PRESENT IN-FLIGHT SYSTEMS IN AIRCRAFT 
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The Figure lists some new technology efforts that will be helpful to 
the use of AE on AOTV. Some of the damage which may occur to an AOTV results 
from impact with particles of various sizes at hypervelocities (e.g., 15,000 
ft/sec relative velocity). Since the acoustic signature of these types of 
impacts are presently unknown, some technology development work will have to 
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NEW TECHNOLOGY NEEDED FOR IMPACT 

DAMAGE DETECTION 


0 


cc 

O h- 
co UJ 
o W 


h 


CC f— 
LU LU 

2 s 


t LU 

S < 
LU LL 

= -j 


C/5 ? 
uj 2 
03 5 

< Q 


a: ^ 

LU CC 

H O 

LU C/5 
I- UJ 

< t 

a </5 

o o 

-J a. 


c Q 

eft 

<S 

£| 

C/5 S 

< D 
X oo 

Q. < 

QQ 
2 ui 

<E 

“i= 

LU 2 

2 Q 


o 2 

uj a 

co UJ 
D CC 


590 025<T) 


4 


f 


J 



c 

*H 03 

x c 

d> P -H 


(0 


>1 

(0 CT3 


03 • 

d) *h d) 


03 g 03 

U £ 1/1 


> p 

O 4J 3 


•H (I) C 

C •«"» 


U3 *«H 03 

•H 03 


r4 X r4 

X 



u) P T3 


04 0) 

m c a> c 


o a 

X (0 C (0 


u • O 

U -H U 


ac u 

Q) -H 4-4 


•r4 Oi 

CP 4-1 c 03 


r-4 O' 

|Q *h O O' 


r—4 *H 03 

MG O 03 


(0 u u 

C O' -x 


O P 

f0 <D C 


C X 

i) U1 u (Q 


03 4-4 03 

(0 P 


O 

C rt3 


>1 4-1 

O COH 


r-4 P O 

•H WA! 


44 C 

03 ? C C 


•H P 

H O 4 


OOP 

3 -4 P d> 


P 04 O 

041-4 P 


04 

O <0 > X 


> 03 03 

u E-» 03 


HjC fl 

04-0 O 


O P 03 

•H < >i 


*£ U 

C u 


O P 

•H » r-4 (Q 


03 P 

03 03 03 -h 


X 41 

SOfiH 


P U) 0 

■H W *H 


•X 44 

r-4 C O X 


T3 C 

(OOC3 


a> 03 p 

CO < 


UPC 

U*H o 


•h 3 

a; x x 


0 d3 O 

P P • 


o*x s 

XU ^ 


03 P 03 

03 o x p 


U 

&4 O' 03 


C r-4 

>1 D£ 


X U 03 

U o 03 


a 3 -h 

rtJ • X o 


•H P P 

•H > P U 


X 03 C 

r-4 E"» 0 ) 


£ U 03 

•H o C <0 


P 

X < 03 


1 TJ 03 

o > a> 


C X 

(0 >i d> -C 


03 03 O 

C p 


r-4 1/3 

-* 03 >i 


X C 

i—1 4J 44 


03 O 03 

flj O *H O 

• • 

03 *H 

U P r-4 


03 C/3 P 

03 -r4 03 

>1 

3 03 03 

c >ii3 a <o 

03 *r4 O 

<u -o <0 o 

CT**H QjH 

> 

as S 0 

r—4 03 03 

o 


C -u O > 

> 


HX C P 

0 


ns c a> 
o o 44 
•H *H 'O O 
H 1/1 (U 
QU 03 X 0) 
CU'H -H C 
03 g 44 O 


p 

or 

d. 

•H 

03 03 

X 

03 03 

u 

r 4 T3 C 

O 

X 03 

03 

03 O T3 

O 4 X 

03 P rH 

0 

03 T3 C P 

>iTJ 

P O 03 O 

C 03 03 

03 U 03 £ 

u g a 

U Q.X 

3 0 

> 

X P r-t 

u 1/3 03 E-* 

03 03 

03 03 > O 

03 O > 

X X 05 < 

O 03 

P X 

O 'O 

•rl X C 

P 0} 

03 O H 03 

C -H 03 

*U r4 X 

-H X U 

-X 03 P 

&4 03 

03 ^ 

03 

O' 

03 0) 

03 >1 u u 

O • M 

M O' 03 03 

03 >iC 

C O > P 

r-4 U 03 

03 r-f 03 03 

CUP P 

P O 5 e 

C 

G O 03 

03 03 Cu 

P X ffi -H 

u 0 

01 O 'O 

03 U U 

O 0) 

•h *T3 

UP • - 

X u 

03 m 

O 03 03 

5 O'.X 

•u x > 

0 c c c 

X CU-r4 

r-4 *H (0 03 

£ 03 03 

P P X 

O C 

01 0) P 

1 6 03 

•H *H *0 

p a 

X 03 03 

01 03 X 

03 03 g 03 

M 03 

U U 03 

C 03 C 

3 C O r4 

03 % *H 

O' 03 44 

E4 > 

-r-4 I * 

64 u) 

Cm 03 03 • 

ao 03 

03 O' O' 

O < 03 

03 C r-4 • 

U r-4 

X *r4 p 03 

Q 03 C 

P r-4 X ^ 

X 3 

P 

T3 P 

44 3 44 U 

03 03 

O O O 03 

0) 0 > 

r-4 

3 P -w 

P P U r-4 

03 03 

U W 03 03 

as u w 

03 X g 

i O 03 

■n g 03 

C -U O 

X • 3 

O U X 

3 03 C >1 

Z 04 03 

03 r-4 r4 

O 

X p r4 
03 03 C 03 
*X 03 (0 * H 
EH o> 0 P 


non-reu 
signif i 
substan 


C\J 

«—( 
CO 



LOW-COST DISPOSABLE TANKAGE BY 

BULGING PREFORMS 
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TANK BULGING: PREFORMS TO POSTFORMS 







The Figure outlines some of the material characteristics needed for 
bulge-formed tankage. It also lists some additional reasons why this is a low 
cost fabrication process, and, why the resulting tank is structurally 
efficient. 
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MATERIAL SELECTION CONSIDERATIONS 
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The Figure lists some other factors which influence the cost or 
structural performance of these tanks. The last item in the figure refers 
existing government—owned facilities which might be used to fabricate large 
size tanks with this methodology. 
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BULGING ECONOMIC OPTIONS 
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ROLL-UP DISPOSABLE CYLINDRICAL 

PRESSURE VESSELS 
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TO REDUCE SHUTTLE LENGTH REQUIRED, THE HELD END SHOULD 
BE AN ELLISPOID WITH 3:1 WIDTH TO HEIGHT RATIO 

TO MINIMIZE HIGH STRESS CORRUGATIONS ON PRESSURIZATION 
AN ADEQUATE END SHAPE WILL HAVE TO BE DETERMINED 
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The figure displays some significant characteristics of graphite/resin 
composite materials. The major differences among these materials are their 
temperature limitations and their availability. Graphite/epoxy has the lowest 
maximum allowable temperature (350°F) but is readily available with a 
significant amount of aerospace user experience. The highest maximum 
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RE-ENTRY SYSTEMS MAJOR PHASE II SPACE BASED MID L/D STUDY CONCLUSIONS 
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TRENDS OF LOWER TOTAL SURFACE AREA (INDICATOR OF WEIGHT PENALTY) AND LOWER SURFACE 
TEMPERATURES (LIGHTER TPS) LEAD TO AMOSS/BICONIC TYPE CONFIGURATIONS 





